and several months of time savings since interior access was not required.
INTRODUCTION
Traditionally, a dilapidation survey refers to the evaluation of a building to assess any existing defects. A variety of terms are used (often interchangeably) to describe such inspections, including condition assessment, dilapidation survey, and structural survey, as well as others. Problematically, existing methods for assessing building dilapidation vary greatly in purpose and scope, as well as level of detail. Selection of an appropriate system for historic buildings may have both national and international implications. For example, European policies such as the Granada Convention for the Protection of the Architectural Heritage of Europe (COE, 1985) outline numerous obligations requiring European states to protect their architectural heritage. Under Article 10 of this Convention, the signed parties must undertake policies, which "include the protection of the architectural heritage as an
BACKGROUND
In general, building survey methods vary in purpose, scope, and level of detail. As will be subsequently described, procedures tend to consist either of a highly detailed investigation targeted for individual structures or of a rapid nature suitable for promptly considering the pre-or post-disaster, life-safety level for a large number of buildings. Those methods consisting of a detailed exploration generally require a large number of inspection hours to fully document a building's condition. For detailed inspection of residential properties, Bowyer (1971) and Sheeley (1985) recommended a preliminary exploratory inspection to determine the time involvement and extent of specialist services required. For the main inspection, a sequential methodology was advised, whereby the property was divided into sections (e.g., roof, walls, floors, staircases, internal finishes). This type of survey was intended to be undertaken prior to the purchasing of a residential dwelling to inform the potential purchaser of the property's condition and likely repair costs. Also for residential properties, Staveley and Glover (1983) suggested a sequential inspection but following a definitive procedure, e.g., commencing within the roof space and working downwards through the property and leaving external works, installations, and drains until last.
When faced with a large inventory of buildings, including residential and commercial properties, the American Society of Civil Engineers (ASCE) Guideline for Structural Condition Assessment of Existing Buildings (ASCE, 2000) proposed the use of screening criteria. These included the building's original construction date, cultural importance, and current occupancy level, and are used to assist in the prioritization of buildings for preliminary inspection, thereby eliminating unnecessary inspection of certain buildings. The preliminary inspection would consist of an initial analysis of a building's structural adequacy including a review of available documents, a site inspection, and a decision as to the need for a more detailed analysis. On deciding to conduct a detailed assessment, a thorough inspection of the building's structural system, features, and its need for rehabilitation would then be conducted (ASCE, 2000) .
For large-scale and multiple, detailed inspections of residential buildings, the Dutch standard NEN 2767 (Straub, 2009 ) outlined a method to determine a structure's condition according to individual building elements. NEN 2767 is used for maintenance planning and asset management purposes. The method uses a six-point scale to categorize defects, ranging from excellent (1) to very bad (6). These categories are subsequently weighted according to their structural importance, intensity, and extent, producing an overall condition index for the building. Strictly for commercial office buildings, Brandt and Rasmussen (2002) proposed the Tool for Selecting Office Building Upgrading Solutions (TOBUS), which consisted of a broad checklist of 70 categories, each subdivided into 1 to 12 object types comprising both structural elements and building services. The method's intent was to assess degradation and aid in the selection of an upgrade solution. TOBUS makes use of index images. These are visual examples that aid in the standardized selection process of one of four degradation codes to each object type, as well four corresponding work codes that indicate the extent of repair required. Index images are commonly employed within civil engineering, as well as related fields to provide a visual standard for guidance (e.g., Cho et al., 2006; and Grünthal et al., 1998) .
In contrast to detailed inspections, post-disaster surveying methods typically involve the application of rapid evaluation techniques solely relating to structural integrity. A modified approach to the Applied Technology Council (ATC)-20 Forms (ATC, 2005) , which are generally used for post-earthquake response, was described by Peraza (2006) for use around the World Trade Center (WTC) site following the terrorist attacks on September 11, 2001. The ATC-20 Evaluation Safety Assessment Forms consider a building according to structural, non-structural, and geotechnical hazards, which are used to assess its condition as a percentage of the overall estimated building damage.
Remote sensing technologies have also been employed to enable rapid, post-disaster assessment. In a novel post-disaster survey method, Corbane et al. (2011) used remote sensing imagery, which provided lateral views of buildings, to assign damage grades based on the European Macroseismic Scale EMS 1998 (Grünthal et al., 1998) . According to Corbane et al. (2011) , extreme levels of building damage were reliably detected with this approach, but lesser damage levels were not.
Pre-disaster evaluation methods also exist, such as that proposed by the United States' Federal Emergency Management Agency (FEMA, 2002) to determine earthquake risk based on seismicity levels, the building's geometry, soil type, and occupancy levels. From this, a damage score is generated indicating whether or not a detailed evaluation is required. There are also more rapid techniques, such as those described by Martinelli et al. (2008) and Roca et al. (2006) in which typological data such as building location, height, age, and masonry configuration were used to assess seismic vulnerability, as outlined as part of EMS 98 (Grünthal et al., 1998) . Since typological information is commonly available from general building censuses, the need for field surveys is minimized, thereby enabling results to be obtained rapidly and at a reduced cost. Similarly, Ho et al. (2011) developed a rapid building assessment method as part of the decision-making process for urban renewal in Hong Kong based on 21 weighted building factors. The method considers the building's existing condition and management criteria to determine the current building dilapidation level, as well as future vulnerability to dilapidation.
One of the difficulties of using the above methods is that they were generally devised for an extremely large range of building types. In contrast, the Critical Element Factor (CEF) System was specifically devised for historic buildings to offer a rapid assessment of the condition and use of a building by individually assessing its roof, walls, windows and doors, ancillary items, associated boundary items, and overall state ( Table 1) 
by The
Handley Partnership (1990) , in North Yorkshire, UK. These points are considered with the building's occupancy density. The CEF System is a registered trademark and was developed by The Handley Partnership, a surveying and structural engineering practice, specializing in the assessment of large groups of historic buildings, as well as other structures. This method is intended to be conducted by a single inspector across an entire building stock, thereby enabling targeted resource planning by governmental authorities; however this is not always feasible due to time and budget constraints. In a similarly rapid and quantitative approach, Burland et al. (1977) proposed detailing damage classification according to visible cracking, thereby allowing for an objective and consistent building assessment to be made, although on an extremely limited set of damage indicators (Table 2) . Despite this limitation, Burland's approach has been widely adopted in the engineering community for subsurface construction risk assessment (Aye et al., 2006; Laefer, 2001; Torp-Petersen and Black, 2001) . Historic buildings commonly require non-contact documentation procedures. This can be achieved through the employment of digital photography, photogrammetry, or terrestrial laser scanning (TLS). In each case the general geometry of the building can be effectively documented. While photogrammetry has been a popular choice for general documentation (Yilmaz et al., 2007) , it is increasingly applied for the detection and monitoring of structural damage, such as was used at the C14th Basílica da Ascención in Northern Spain for crack measurement (Armesto et al., 2008) .
Laser scanning is becoming popular for obtaining cultural heritage building data (Andrés et al., 2012; Grussenmeyer and Guillemin, 2011) . Yastikli (2007) contended that laser scanning is more applicable for complex structures than photogrammetric techniques that use digital image rectification since it is suitable for planar surfaces. A study by Laefer et al. (2010) , which compares TLS, digital photography, and direct visual inspection, demonstrated that both TLS and photography are good sources of a permanent record. However, TLS data proved difficult in determining crack location and size, due to the pixelated nature of the datasets. Although these methods offer viable solutions for the inspection of historic structures, highly experienced inspectors are required, thus limiting their application among multiple inspectors. Furthermore, the high costs associated with remote sensing technologies further limit their usage.
In the cases of both underground infrastructure works and national inventories, what is particularly sought is a strategic approach for consistently and reliably comparing the Severe More than 10% of the wall is comprised of replaced brickwork 5
Very severe More than 25% of the wall is comprised of replaced brickwork Severe Noticeable damage to greater than 15% of bricks in wall 5
Very severe Greater than 25% of bricks are subjected to heavy chipping/spalling.Bricks are heavily eroded due to exposure status of large groups of buildings. To this end Laefer et al. (2008) proposed the use of four scales (Tables 3-6 ) to be used in conjunction with the Burland et al. (1977) system (Table 2) to rapidly assess a building's condition. The results are then weighted according to Table 7 , and finally normalized by the summation of weighting fractions (i.e., 13) to better identify structural versus non-structural concerns using the original categories of negligible (0) to very severe (5). Ideally a method would exist that could be applied rapidly and consistently with relatively limited resources by multiple inspectors. The best case would be that the method could be used to ascertain the state of an area and the individual buildings within it for (Table 2) 3 Replaced or repaired brickwork (Table 3) 3 Exposure-based damage (Table 4) 2 Plant growth (Table 5 ) 1 historic registration, general condition monitoring, and base-line documentation in the case of adjacent construction works. However, to date there has been no consensus for a method for rapidly evaluating large groups of historic buildings for either large-scale, risk assessment near infrastructure projects or for long-term documentation, as in the case of national inventories.
SCOPE AND METHODOLOGY
To help overcome the problems of limited available expert knowledge and time resources, and to enable the repeatable and consistent surveying of large groups of historic structures, a rapid assessment method is proposed-the University College Dublin Inspection Method (UCDIM). The UCDIM employs five tables relating to the degradation of a building's facade, as proposed by Laefer et al. (2008) (Tables 2-7) , to be used alongside accompanying index images as a visual standard against which to judge varying degrees of degradation. These index images (Figures 1-3) were taken prior to the study. They provide a means for visual comparison when inspecting a building's facade and aid in the damage classification, allowing testing of the UCDIM, as will be explained.
The aim of this study was to improve user understanding and repeatability both between multiple building investigations and across investigators. The intention is that a single digital photograph of the front facade of each building is taken using a camera capable of producing photographic quality of at least 300 dpi to which the UCDIM is then applied. Where a single photograph is not possible due to street-width restrictions, multiple photographs should be taken and subsequently merged using an editing tool in a graphics software program. Ideally, all images for the study area would be taken under similar lighting and weather conditions, as common for the locale. The UCDIM, therefore, relies on digital photography to ascertain the assigning of a damage level. The method is presently limited to masonry buildings since these are often most vulnerable to excavationinduced damage and are of the most relevance in the case of historical documentation and designation.
To determine the UCDIM's cost efficiency, repeatability among inspectors, and time resource intensiveness, it was tested against both a lengthy detailed inspection and an alternative rapid method, the CEF System (Table 1 ). The detailed inspection consisted of a comprehensive investigation of all parts of each building (e.g., internal and external walls, floors, ceilings, windows, doorways) and a documenting of all identified defects. This involved a thorough visual inspection of both the exterior and interior of each building, beginning at the top storey of the building and working downwards, with each detected defect being photographed and noted. The CEF System (Handley Partnership, 1990), as described previously, consists of a rapid condition assessment of building components and subsequent weighting according to the building's occupancy. Damage classifications for both the rapid methods were determined numerically. For the UCDIM, the higher the numerical value, the worse the state of degradation of the building. However, for the CEF System, the opposite case exists, whereby a lower numerical value implies a worse state of building damage. Damage ratings for the detailed inspection were determined qualitatively, whereby buildings were ranked according to the nature and extent of defects present, requiring engineering judgment.
To benchmark these inspection methods, three inspectors of various experience levels surveyed six buildings in the city centre of Dublin, Ireland. As illustrated in Table 8 , one inspector had extensive experience, having surveyed approximately 500 buildings. The other two inspectors had highly limited experience, one having surveyed less than 20 buildings and one with no formal previous experience. Firstly, the rapid CEF System was conducted by each inspector individually. Next the detailed inspection was conducted by the three inspectors working together as a team; because of the commercial nature of the properties, the inspection period was not open-ended. Since this method acted as a benchmark for the other two methods, the inspection of the building by the team of inspectors was felt to be justified. In the detailed inspection, the three inspectors simultaneously examined all building components, both structural and decorative, commencing within the uppermost storey and working downwards through the building, followed by an examination of the building's exterior. Each identified defect was discussed amongst the team of inspectors before reaching a general consensus about the extent and nature of the defect, which was subsequently photographed by one inspector and recorded on paper by another. Defects that were noted included the following: interior cracking of plasterwork and walls; interior chipping of plasterwork; interior sagging of floor joists; exterior flaking and weathering of masonry; and exterior masonry cracking through coursing and mortar joints.
Following this, the front facade of each building was photographed as per the requirements of the UCDIM. This photograph was subsequently examined individually by each inspector who then applied the UCDIM. For each method, the resource requirements, time allotments, and data obtained were recorded.
The overall study focused on the Grafton Street region in Dublin's city centre, for which an underground railway system has been granted planning permission by Dublin City Council (An Bord Pleanála, 2010) . The majority of the region forms an Architectural Conservation Area with a high number of Georgian buildings constructed of unreinforced masonry (Casey, 2005) . A letter requesting permission to gain access to the buildings in this region was hand delivered to 207 individual addresses. Due to the high number of building tenancies in this region, it was difficult in many instances to gain contact with the property owner to seek permission, as many of the tenants claimed to have little or no contact with their landlords, often refusing to accept the letter. Furthermore, a large proportion of the premises consisted of multiple tenants occupying a single building, which further complicated inspection co-ordination. Ultimately, responses were obtained from only 5% of this dataset, resulting in access to only six buildings (Figure 4 ). Details of these six buildings are provided in Table 9 .
RESULTS

General Findings
Two distinct building types were identified as part of this study. The first, herein called Type 1, consisted of a highly maintained ground floor retail unit. This unit contained large amounts of shelving and display units. As a result, the majority of the interior walls were concealed, thereby making defects difficult to detect. The remaining stories were generally used for storage and employee facilities and, thus, remained out of view of the public. The state of dilapidation for these stories was significantly worse than that of the ground storey; numerous defects were visible, and in many instances these areas appeared poorly maintained compared to publicly visible areas. Buildings A, B, C and E are examples of Type 1. In Building E (Figure 5 ), structural and non-structural damage was evident in the upper stories; with cracking of up to 10 mm in width propagating through brick and mortar (Figure 5b) , as well as separation of walls at junction points (see Figure 5d ). Non-structural damage was also present in many rooms in the form of cracked plaster on walls, corners, and coving (Figure 5c-d) . However, the ground floor consisted of no defects whatsoever (Figure 5a) , thus highlighting the potential disparity in damage across stories within a single building.
Buildings D and F provided examples of Type 2, where the building consists of highly maintained commercial units on all floor levels, with public access at the ground level and private offices in the upper stories. Visible defects were mainly aesthetic in nature and limited to cracked plasterwork. Figure 6 illustrates the state of Building F's interior.
Survey Methods
The results of the CEF System are illustrated in Figure 7 , in which a lower rating indicates increasing damage severity. Therefore according to the CEF System, Building D is in the best condition and Building E the worst. Damage ratings across the three inspectors were in good agreement, with a maximum coefficient of variance of 0.21 occurring in Building A and most variance in the single digits. Notably, in two-thirds of the cases, greater experience correlated with improved agreement between inspectors. Figure 8 illustrates the damage ratings for each of the three inspectors for use of the UCDIM. Increasing damage classification is represented by a higher numerical score. Therefore, in agreement with the results of the CEF System, Building E is shown as the most damaged and Building D as the least.
The outcome of the detailed inspection consisted of a list of defects present with accompanying photographs. Since the results were qualitative in nature, buildings were ranked according to the nature and extent of defects present, beginning with the least damaged building. Table 10 summarizes the main findings and provides a classification order based on these findings (1 = least damaged; 6 = most damaged). The results of each method were considered with respect to (1) reliability across inspectors; (2) consistency of damage classification; (3) time expended; and (4) overall efficiency.
Reliability across inspectors
The reliability of the CEF System, based on the coefficient of variance across inspectors, was generally higher than the UCDIM (Figure 7) . This demonstrates a level of consistency in the application of the method irrespective of the inspector's level of experience. The higher discrepancies for Building A appear to be due to the fact that the CEF System does not account for cases where certain building elements were not included in the damage assessment. For example, in Building A, neither Inspector I nor Inspector III rated ancillary items (e.g., shop fronts, architectural details). As scoring is cumulative and non-weighted, the overall score assigned by Inspector II was significantly higher. Figure 8 shows a higher level of variance for the application of the UCDIM. None of the coefficients of variance were single digit, and the maximum was 0.56 for Building C, which consisted of a painted facade. This highlighted the difficulties of applying this method to painted structures. A similar scenario for structures consisting of rendered facades is likely. Nonetheless, all three inspectors identified Building E as the most dilapidated, with a coefficient of variance of 0.1 across the assigned damage ratings. Table 11 illustrates the ranking of damage classification by each of the inspectors according to the CEF System and the UCDIM. Spearman's rank-order correlation coefficient (ρ) was calculated for each when compared with the results of the detailed inspection. I  II  III  I  II  III   1  D  1  1  1  1  1  1  2  B  3  3  4  3  6  3  3  A  5  5  5  2  3  2  4  F  2  2  2  4  2  4  5  C  4  4  3  5  4  5 The value of ρ can vary between -1 and 1, where a value closer to 1 or -1 indicates a match between the order of the two sets of data, while a value of 0 represents no correlation between the two datasets. A positive value indicates identical rankings, while a negative value demonstrates reverse rankings (Walpole et al., 2002) . The results of the CEF System indicate that the experience of the inspector contributes to a more accurate result since both Inspectors I and II have a higher value of ρ than Inspector III. The results of the UCDIM demonstrate that if the dataset did not include a building with a painted facade (Building C), a reasonably accurate evaluation would have been achieved across all inspectors, irrespective of previous experience. Although the CEF System provided a relatively good damage classification of the six buildings, with a value of ρ ranging from 0.5 for an inspector with no experience to 0.7 for both an inspector of limited experience and one with extensive experience, several issues were noted upon use. The CEF System did not account for varying levels of dilapidation within a building across storey levels, as was common for Building Type 1. This may lead to inaccuracies in the results. Furthermore, as described earlier, the number of items that were assessed were not weighted (Table 1) , which may further lead to inaccuracies. However, it should be noted that a detailed version of the CEF System employs a weighting system (Handley Partnership, 1990) . However, due to lack of details of this further developed version, its application remained beyond the scope of study. The UCDIM appears to provide a more precise evaluation irrespective of inspector experience, with the possible limitation of its use for buildings consisting of painted and/or rendered facades where damage is harder to discern, particularly when applying Tables 2, 4, and 5. This issue was previously identified in a study of crack detection methods including close-up digital images where cracking in rendered facades were much more difficult to accurately detect than exposed brick ones (Laefer et al., 2010) . Figure 9 illustrates the damage ranking for the three methods according to Inspector I. All three methods assign Building D as the least dilapidated state and Building E as the most. However, differences are evident for the rankings in between. The detailed inspection considers Building C to be ranked fifth, i.e., second highest level of damage. However, the CEF System ranks this building fourth, while the UCDIM places it third. The CEF System ranks Building A fifth, while the UCDIM ranks it fourth, and the detailed inspection ranks it third. Furthermore, the CEF System considers Building F as the second least damaged building, while the UCDIM lists it as the second most damaged. Even though the UCDIM considers only the exterior facade, the findings reveal that for the majority of instances, it can provide a good estimation of the overall state of dilapidation for buildings in this region. Figure 10 illustrates the average time across the three inspectors to conduct each of the methods. The UCDIM was the most rapid with the time per building varying from approximately 4 to 6 minutes for assessment, with a further 2 minutes for photographing and processing the image. While the CEF System required only roughly twice the assessment time (averaging between 7 and 12 minutes per building), the method necessitates interior building access, thereby requiring significantly more resources to organize the access. Assuming time requirements for entry of approximately 30 minutes for delivery of a letter of request to the premises and a further 15 to 20 minutes for scheduling the inspection, an estimate of 56.5 minutes can be attributed to the CEF System. While this is significantly more than the UCDIM, the time required for the detailed inspection was even greater. For the inspection alone, it was roughly three times longer than the CEF System (approximately six times longer than the UCDIM). Furthermore, the detailed inspection also necessitates interior building access. Consequently, the overall time was approximately 80 minutes per building.
Consistency of damage ranking
Time
Overall efficiency
The overall efficiency for each of the survey methods according to the three inspectors was calculated according to Equation 1 and is presented in Table 12 . The time was calculated as an average across the six examined buildings and is presented as a fraction of the time taken for the detailed inspection. Since access was obtained for just 5% of the buildings in the selected study area, methods for which access was required were weighted 20 times those for which no access was required. Therefore, a value of 0.02 was applied where access to the building was necessary. A value of one represents the maximum possible efficiency in Equation 1. 
where T = time, ARC = Access Requirement Constant, ρ = Spearman's Rank-Order Correlation Coefficient.
Since both rapid survey methods (UCDIM and CEF System) were benchmarked against a detailed inspection, an efficiency value of zero was evaluated for the detailed method. Significant differences can be seen between the efficiencies calculated for the two rapid methods. The UCDIM was on average approximately 70 times more efficient across inspectors than the CEF System.
DISCUSSION
The condition of a masonry building's facade was previously shown by Peraza (2006) as being potentially indicative of the condition of the entire building. If adequately demonstrated to be the case, this provides a means for substantial cost and timesavings when conducting large-scale dilapidation surveys of historic masonry buildings. The UCDIM has been shown to accurately provide a damage classification for the six buildings examined according to their exterior facade, thus offering a highly economic means for assessing large groups of historic buildings in this region, with the exception of those that are painted or rendered. In such instances, an alternative specified means of assessment is suggested. Furthermore, extensively renovated buildings may also be a concern when using the UCDIM, as no explicit consideration is made of any interior features. Since heritage laws often ensure the protection of the original facade of a building, the exterior of such a building may not always be representative of the overall state of the building. Likewise, the opposite may also exist where only the original interior is maintained.
An ancillary benefit of the UCDIM is that it creates a permanent historic record. This plays an important role in establishing a reliable means for condition assessment of a building since this record may be revisited, thereby providing the opportunity for assessment by multiple inspectors and at regular time intervals in the future. In the case of litigation, photographic documentation offers solid evidence, upon which disputes may be resolved. Furthermore, the recent study by Laefer et al. (2010) using two inspectors and four historic facades to compare crack detection from terrestrial laser scanning, ground level binocular based inspection, and digital photography versus elevated manual inspections showed vast In order to illustrate the potential cost savings of the UCDIM, a sample calculation is presented for the planned Metro North, an underground railway system approved for this area. According to the Environmental Impact Statement (EIS) produced by the Railway Procurement Agency (RPA, 2008), the state agency responsible for the provision of the project, approximately 500 buildings lie within the potential zone of influence along the initial portion of the route. Assuming a yearly wage of C20k and a 39-hour workweek, a sample cost analysis is presented in Table 13 . The UCDIM is shown to cost approximately 12.4% of that required for the CEF System and just 8.7% of the cost required for the detailed inspection. Furthermore, substantial timesavings are also noted for the UCDIM, which may be conducted for a dataset of this size in less than two weeks, while both the CEF System and the detailed inspection require several months for completion. In the case of risk assessment due to adjacent construction works, there exists a requirement for condition assessments to be conducted in a short time frame so as to minimize disparities between buildings based on temporal or environmental conditions.
CONCLUSIONS AND FUTURE WORK
This study examined six historic buildings in an architectural conservation area of Dublin's city centre according to three surveying methods: a rapid method known as the UCDIM for which index images have been provided herein, another rapid method known as the CEF System, and a full detailed inspection. Three inspectors of varying experience levels applied the two rapid methods to the six individual buildings. Results were compared to each other and were benchmarked against the detailed inspection that was conducted by the team of three inspectors collectively for each building. The UCDIM results appear to be most accurate, except in the case of painted facades. Furthermore, the UCDIM was roughly 70 times more efficient than the CEF System and significantly more efficient than the detailed inspection. This can be attributed mainly to the fact that interior building access is not required for the UCDIM. Gaining access to buildings has been shown to be extremely difficult for this region due to the high prevalence of rented properties and lack of communication between tenants and landlords. Furthermore, in the case of high security buildings such as jewelry shops and banks, interior access is especially problematic. Overall, the UCDIM appears to be most advantageous when rapidly assessing large numbers of structures, as is needed for urban planning, historic designation, and risk assessment for upcoming infrastructure projects.
The three methods applied in this study focused solely on the physical attributes of a building. However, in the case of national inventories for historic designation or urban planning, all buildings are not viewed equally in terms of cultural importance and community valuation. Existing damage in a building highly regarded by its community is generally perceived more seriously than damage incurred in a building of less cultural importance. In the past, this idea has not commonly been incorporated into risk analyses or national inventories. The incorporation of a system that accounts for varying levels of architectural significance reflecting the cultural value regarded by the community for a building would provide more accurate risk analyses applicable for historical designation, as well as planning efforts in the case of adjacent construction works. The authors are currently undertaking such efforts.
